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Abstract 
Purpose: The aim of this paper is to evaluate existing scenarios for 3D Printing in order to 
identify the “white space” where future opportunities have not been proposed or developed to 
date. Based around aspects of order penetration points, geographical scope and type of 
manufacturing, these gaps are identified. 
Design/methodology/approach: A structured literature review has been carried out on both 
academic and trade publications. As of the end of May 2016, this identified 128 relevant articles 
containing 201 future scenarios. Coding these against aspects of existing manufacturing and 
supply chain theory has led to the development of a framework for identify “white space” in 
existing thinking. 
Findings: The coding shows that existing future scenarios are particularly concentrated on job 
shop applications and pull based supply chain processes, although there are fewer constraints 
on geographical scope. Five distinct areas of “white space” are proposed, reflecting various 
opportunities for future 3DP supply chain development. 
Research limitations: Being a structured literature review, there are potentially articles not 
identified through the search criteria used. The nature of the findings is also dependent upon 
the coding criteria selected. However, these are theoretically derived and reflect important 
aspect of strategic supply chain management.  
Practical implications: Practitioners may wish to explore the development of business models 
within the “white space” areas. 
Originality/value: Currently, existing future 3DP scenarios are scattered over a wide, multi-
disciplinary literature base. By providing a consolidated view of these scenarios, it is possible 
to identify gaps in current thinking. These gaps are multidisciplinary in nature and represent 
opportunities for both academics and practitioners to exploit. 
Keywords 
Additive Manufacturing, scenario planning, logistics, gap analysis 
Introduction 
There is an ongoing discussion as to how 3D printing might evolve over the coming years, and 
how 3DP systems may be implemented and integrated into manufacturing systems. While 
Rogers et al. (2016) provides an overview of existing practices, the technologies of 3DP are 
advancing rapidly and when looking to the future, scenario planning approaches can make a 
valuable contribution (e.g. Birtchnell and Urry (2013), Potstada and Zybura (2014)). These 
techniques are particularly useful in prediction for emerging technologies, as they present a 
series of alternative possibilities for the future rather than trying to attempt to predict a 
definitive outcome, allowing investigation of future performance if any of these outcomes 
should occur (Schoemaker and Mavaddat, 2000). With such a variety of predictions in 
published 3DP literature (often reflecting a diverse disciplinary base examining the 
opportunities with this technology), there is a need to evaluate and synthesise these existing 
scenarios to identify common components drawn from established supply chain theory. In 
doing so, gaps (which we term “white space”, reflecting Frankel et al. (2005)) in existing 
thinking on future 3DP scenarios can be identified, driving future research opportunities. 
The aim of this paper is therefore to identify the “white space” in existing 3DP scenario 
proposals, examining the supply chain implications, and considering the possibilities for 3DP 
to fill this gap. A framework for codifying 3DP scenarios is developed and the “white spaces” 
within this framework are those where few/no existing scenarios were found. In doing so, this 
paper makes two main contributions to the literature: The first provides a framework that 
captures the underlying features of current 3DP supply chains, and the second develops a future 
research agenda that expands supply chain thinking on the opportunities for 3DP. 
The starting point for the research was exploratory in the 3DP field, examining a sample of 
existing literature (both on 3DP and scenario planning) as well as engaging with practitioners 
through interviews and attendance at trade events. This identified both common and 
distinguishing features in future 3DP scenarios, and informed the development of the coding 
criteria for the structured literature review. Although not part of the formal method for this 
research, the exploratory stage helped to frame our understanding of the area, which is 
elucidated the following two sections below.  
The main focus for addressing the aim was a structured literature review, informed by 
established procedures in Tranfield et al. (2003) and Saenz and Koufteros (2015) amongst 
others. Details of this can be found in the Method Section. There then follows the analysis, 
establishing where existing scenarios have been developed, which is then extended to identify 
where “white space” in future 3DP supply chain thinking exists. In doing so, a future research 
agenda is proposed, leading to final conclusions being drawn.  
Scenario Planning for Supply Chain Management 
Being an innovative technology, the full range of applications of 3DP has still to be realized. 
Consequently, scenario development and planning approaches are often used to provide 
alternative views of future uses and applications of this technology within an applied context. 
Scenario development and planning was popularised by Royal Dutch Shell in the 1970s and 
differs from other planning methods, in that rather than trying to determine a definite outcome 
for the future, it aims to develop a range of possible futures (Schwarz, 1991). Importantly, 
scenarios examine the “external environment; that is the environment within which an 
organisation operates” (O'Brien, 2004). In doing so, they consider the relationships between 
uncertainties, trends and the behaviour of actors involved in the scenario (Wright and Cairns, 
2011). By developing scenarios, organisations can plan for development against various 
possible futures, refining the scenarios further as time goes on and future reality becomes 
clearer (Schoemaker and Mavaddat, 2000). Bishop et al. (2007) document a wide range of 
available techniques for generating scenarios, ranging from a “Genius” approach based largely 
on expert judgment, to more structured techniques such as probability trees.  
Within the context of supply chain management, the importance and application of scenario 
planning has been highlighted by both academics and practitioners. From a strategic 
perspective, Sodhi (2003) suggests using scenario planning to develop a strategic view of the 
supply chain, before using modelling approaches to consider tactical and operational decisions. 
Such an approach is also discussed in both van Landeghem and Vanmaele (2002) and Shapiro 
(2004). However, von der Gracht and Darkow (2010) also highlight a lack of use of scenario 
planning within the logistics industry, providing a useful review of papers that do use such an 
approach. They then proceed to develop some future scenarios, drawing on insights from 
experts, students and other academics. Further, Darkow (2015) applied scenario planning as a 
means to engage middle managers in supply chain strategy development within a multinational 
chemical products firm. From a practical perspective, several organisations have developed 
visions of future supply chains including CILT (2011) and DHL (2012). In both reports, 3DP 
is identified as a technology that may significantly change supply chain practices in the future. 
Beyond this work that formally adopts a scenario planning approach, there are also many 
publications that informally develop one or more scenarios for future supply chains. In a 3DP 
context, examples include Silva and Rezende (2013), Liu et al. (2014), Jia et al. (2016) and 
Jiang et al. (2017).Given that such 3DP literature appears to be scattered across a range of 
disciplinary boundaries, there is a need to provide a more consolidated view to identify the 
underlying features of these scenarios that will shape such supply chains of the future. We 
achieve this by reviewing scenarios proposed through the existing literature, and analysing the 
supply chain implications that might stem from them. 
Developing a coding framework for future AM Scenarios 
The implications for supply chains of the introduction of 3D printing as a manufacturing tech-
nology are widespread, including effects upon transportation costs (Birtchnell et al., 2013, Barz 
et al., 2016), lead times (Holmström et al., 2010, Khajavi et al., 2015), inventory (Khajavi et 
al., 2014, Mavri, 2015), product quality and reliability (Monzon et al., 2015, Wagner and 
Walton, 2016) production flexibility, productivity and economies of scale (Petrick and 
Simpson, 2013, Baumers et al., 2016, Sasson and Johnson, 2016), supply chain sustainability 
(Chen et al., 2015, Ford and Despeisse, 2016), new business models (Rayna and Striukova, 
2014), and opportunities for new suppliers (Bogers et al., 2016). This research, however, fo-
cuses on three areas: Customer Engagement, examined using OPP (Gosling et al., 2007), the 
geographic distribution of manufacturing, and the type of manufacturing operation, each of 
which is described further in the following sections. Through the initial exploratory study and 
discussions with expert practitioners, these criteria were identified as those which commonly 
featured in, and yet consistently differentiated between the future proposals under examination, 
giving a strong indication of the nature of each scenario being proposed.  
Customer Engagement in the Supply Chain 
One of the main advantages of 3DP cited in literature is its ability to support increased product 
customization (Tuck et al., 2008), which in turn requires the customer to be actively involved 
in the definition of their product (Duray et al., 2000). This involvement can be achieved at 
different stages of the fulfilment process (Lampel and Mintzberg, 1996), and within supply 
chain management literature is typically identified in terms of its Order Penetration Point 
(OPP). OPPs are first described in Sharman (1984) as “the point where product specifications 
get frozen”, and the strategic selection of different OPPs can affect the nature of customization 
achieved through different supply chain structures. Gosling et al. (2007) identify six different 
OPP possibilities and their associated supply chain structured, and this therefore represents six 
different points at which the customer may become engaged in the supply chain (Figure 1). 
This approach covers situations from Ship-to-Stock, where customisation is reserved until the 
final point of distribution onwards, through to Engineer-to-Order (ETO), where complete 
customization takes place from the onset of the design and manufacture of the product. In the 
case of 3DP, literature such as Ostuzzi et al. (2015), Scholz et al. (2016), emphasises the ETO 
capabilities that 3DP technology enables, however many other examples exist, examining other 
regions of this spectrum, such as Make-to-Order (Scott and Harrison, 2015), and even Make-
to-Stock (Eyers, 2015) applications of 3DP. In this study we therefore avail of Gosling et al. 
(2007) to provide six categories (ETO, BTO, MTO, ATO, MTS, STS) through which we codify 
the AM literature. 
 
Figure 1: Supply Chain Structures (Gosling et al., 2007) 
Manufacturing Distribution 
Various degrees of geographic distribution for manufacturing are readily identifiable within 
the 3DP industry (Rogers et al., 2016). These range from discussions around a future where 
consumers have printers at home, manufacturing one-off items as and when required (e.g. The 
Economist (2011)) to large scale factory environments operating at a national level (e.g. Eyers 
(2015)). Between these extremes, there are many examples where more redistributed 
manufacturing is proposed, both at a local (Bedinger et al., 2016), and a regional level (Sasson 
and Johnson, 2016). The use of 3DP in local (or redistributed) manufacturing has been 
identified to be of particular interest in relation to government support for reshoring of 
manufacturing as a means of national competitiveness (e.g. Moser (2011)) and also for 
practitioners in the field of local supply chains (e.g. CIPS Knowledge (2013)). Several 
proposals also exist which suggest that 3DP can be applied in mobile operations (Hargreaves, 
2009). 
More generally, geography plays an important role in defining a supply chain network. As 
Narasimhan and Carter (1990) note, the geography of a network can influence and be 
influenced by a range of supply chain decisions at strategic, tactical and operational levels. For 
example, within logistics it is common to see reference to regional and national distribution 
centres (Rushton et al., 2014). In a production context, comparisons between centralised and 
decentralised production systems are often linked to the geographical coverage provided by 
each node (Storper and Harrison, 1991), with the latter considered closer to the customer (Srai 
et al., 2016).  
In this study five categories have been selected and are defined as follows: 
1. Personal: Manufactured in the end user’s own home, at the point of final use. This is a 
special example of 3DP, since it involves the customer producing their own product, 
rather than engaging the services of a manufacturer (as seen in the other four 
categories). 
2. Local: Manufacturing is distributed with many production facilities. Manufacturing 
takes place near to the final point of use. 
3. Regional: A degree of manufacturing distribution is observed, but with fewer facilities, 
each serving a geographic region. 
4. National: A single, centralized production facility supplying a large geographic area. 
5. Mobile: The manufacturing equipment is portable. 3DP machines are either taken to 
the point of end-use, where manufacturing takes place, or manufacturing takes place in 
transit. 
Manufacturing Operation Types 
There are also significant variations in the proposed manufacturing operations. With such a 
wide variety of 3DP technologies now commercially available, there are clear differences in 
the types of operations which can be built around 3DP production. 3DP machines range from 
small desktop printers costing a few hundred dollars, and able to produce plastic components 
of a limited quality, to high quality, high precision industrial machines which cost multiple 
hundreds of thousands of dollars and can produce parts from materials including plastics, 
metals and ceramics (Wohlers and Caffrey, 2015). 
Over time, there has been an evolution in the approaches taken for manufacture (Cusumano, 
1992). Early production systems were based around craft production, where a skilled artisan 
would produce items for the local market in which they were based. As the ability to produce 
in larger volumes has emerged, so there has been a move towards job-shops and, with the 
industrial revolution factory based production systems. The result is a continuum of different 
production environments, as embodied in the product-process matrix of Hayes and 
Wheelwright (1979). Such frameworks are often predicated on volume and variety 
requirements, which also then has an influence on the OPP. However, it is claimed that 3DP 
will enable these trade-offs to be overcome (Eyers, 2015) and therefore examining the extent 
to which this has been considered within existing scenarios will be valuable. 
In the coding criteria, these different operations have been identified, namely: 
1. Craft, where (in the case of 3DP) low cost equipment is used to produce low volumes 
of products. In this type of operation, the equipment usually operated by the end-user 
of the product. 
2. Job Shop, defined by Reiter (1966) as “a collection of specific skills and equipment 
which stands ready to sell its services to customers on order”, where the volume of 
production remains low, but the equipment is of far higher cost and quality, and 
operators are specialists.  
3. Factory, where production volumes are high, the equipment is specialized, and 
operators are trained in its use. In this situation manufacturing procedures are 
standardized, and so operator skill levels do not need to be as high as in other operations. 
Method 
This study employs a structured literature review to evaluate potential scenarios for 3DP 
already proposed in the literature. Unlike traditional narrative literature reviews that can be 
affected by author bias (Tranfield et al., 2003), the structured approach provides a detailed 
explanation of the literature base searched and how it was analysed in the provision of a robust 
investigation. Saenz and Koufteros (2015) provide guidance on the best practice for the 
construction of structured literature reviews, and these have been instrumental in the 
development of the review process. We also draw heavily on the guidance of Tranfield et al. 
(2003) in definition of the literature review, and Seuring and Gold (2012) in the analysis of 
publications.  
Structured Literature Review 
A pilot study of the literature was conducted, and in-line with Saenz and Koufteros (2015), 
experts in Additive Manufacturing were consulted to develop a robust search strategy. This 
initial investigation led to the process in Figure 2 being conducted to identify the literature 
sample for analysis. Search term A served to frame the review for 3DP, and included two 
relevant synonyms that are often used in literature. Search term B allowed an explicit focus on 
articles that described or mentioned scenarios. Using these parameters, full-text searches were 
conducted on six major databases that have been selected based on their coverage of pertinent 
academic journals and trade publications. As shown in Table 1, the literature search yielded 
1,451 unique publications (1,922 prior to the exclusion of duplicates), as at 31 May 2016. Any 
automated filtering (such as by date, publication type or journal ranking) was discounted, as 
this either eliminated very few papers, which could therefore be included in the manual filtering 
process, or eliminated too high a proportion of the search findings. However, only those articles 
with full-text available immediately (electronically, or available in the University Library 
system) were included in the review, leaving a final sample of 1,392 publications that were 
reviewed in this work. As 3DP applications are often innovative, significant numbers of 
relevant articles were found in both press and industrial publications, and not just academic 
publications. Consequently, no restrictions were placed on the type of publication. 
 Figure 2: Literature Review Structure 
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‘Additive Manufacturing’ + 
Scenario 53 336 27 106 140 1 663 
‘Rapid Manufacturing’ + 
Scenario 33 124 7 77 91 0 332 
‘3D Printing’ + 
Scenario 61 503 27 128 204 4 927 
Total number of articles 147 963 61 311 435 5 1922 
 
Coding and compilation of results 
Each of the 1,392 articles underwent an initial review process to identify its suitability for 
further analysis. An initial review of abstracts was undertaken, to determine whether each paper 
contained relevant content (that is, containing information regarding future 3DP scenarios) and 
applying context to these applications. Where the relevance of the content could not be clearly 
determined from the abstract, the paper was retained for full-text analysis. Consequently, 431 
papers were retained for further examination, and the contents of these compared against the 
coding framework outlined earlier. Some publications provided scant detail in their discussion, 
and were therefore rejected for inclusion due to their minimal contribution. Articles that stated 
no more than suggested applications for the technology (e.g. ‘3DP will be used to produce 
medical implants’) and offered no real insights for operations or supply chains, and were not 
included in the review. By comparison, articles that provide context (e.g. ‘3DP will be used to 
produce medical implants in the hospital operating room’ or ‘3DP factories producing medical 
implants will exist in every town’) offer sufficient information to make a valuable contribution 
to the study. A schematic of the process carried out is shown in Figure 3. 
 
Figure 3: Work Flow for Structured Literature Review 
Following this review process 128 relevant articles were identified as suitable for inclusion in 
the literature review and each was re-read in depth and evaluated using coding framework, and 
summarized in Table 2. Where multiple scenarios were presented in a single publication they 
were recorded as separate entities. Consequently, 201 relevant scenarios were found within the 
literature, giving a wide variety of outcomes, possible 3DP applications, and covering a wide 
variety of products. Analysis of the outputs from the structured review included frequency 
counts on many of the coded variables. Two-way tables also highlighted connections between 
variables while the “white space” of 3DP scenarios was visualised through a three-dimensional 
framework. 
Table 2: Coding Critera for Literature Evaluation 
Criteria Order Penetration Point Production Distribution Manufacturing Type 
O
pt
io
n
s 
Engineer to Order Personal Craft 
Buy to Order Local Job-Shop 
Make to Order Regional Factory 
Assemble to Order National Unknown 
Make to Stock Mobile  
Ship to Stock Unknown  
Unknown   
 
To support quality in the assessment process, a detailed spreadsheet was compiled to maintain 
the results of the review. In addition to basic citation data and details from the coding process, 
additional data was gathered (where available) to note focal products, envisaged suitability of 
3DP processes, identified timetables for implementation, and any noted supply-chain effects. 
Recognizing the importance of the methods employed in development of the scenarios, we also 
recorded details of the approaches taken by the authors. An example of how these criteria were 
applied to the literature is given in Table 3. Coding was initially conducted by a single 
researcher, although the sample was further coded by members of the research team. Inter-
coder agreement was achieved through discussions amongst all members of the research team 
(Seuring and Gold, 2012). 
Table 3: Examples of coding activity 
Publication Quotations 
Order 
Penetration 
Point 
Production 
Distribution 
Manufacturing 
Type 
Potstada and Zy-
bura (2014 pp. 101-
114) 
“Products can be edited according to 
individual preferences and the result 
is immediately observable. Selecting 
a product of choice offers a multitude 
of features to choose from. Every op-
tion desired in CE, such as where but-
tons should be located and which 
form a device should ideally have, 
can be perfectly harmonized” 
“As most products are home-fabcre-
ated (except for bigger devices that 
are fabcreated at printing hubs in the 
vicinity), they can be ordered and 
self-designed in virtual show rooms 
and immediately produced ready for 
use at home” 
 
Engineer to 
Order: 
Design is pro-
duced specifi-
cally for each 
customer 
Personal: 
Products are 
manufac-
tured at 
home 
Craft: 
Only small-scale 
products can be 
produced on 
such a system – 
reminiscent of 
current desktop 
printers. 
Nickels (2015 pp. 
300-303) 
“In future, it may be possible to addi-
tive manufacture spare parts on de-
mand in decentralized locations…” 
“In small size production, there can 
also be cost reductions using AM” 
Make to Order: 
Existing designs 
(spare parts) pro-
duced when re-
quired. 
Local: 
Printed near 
to the point 
of demand 
Job Shop: 
Low volumes, 
using specialized 
equipment. 
 
Results 
Overview of the sample 
Considering the temporal distribution of all 1451 articles retrieved in the literature review, as 
shown in Figure 4, it is evident that relevant discussions have been occurring since the mid 
1980’s, though the quantity of these has been relatively low. However, since 2009 annual 
publications have increased rapidly, and a corresponding increase in the number of valid 
scenarios identified in the literature is evidenced. The 238 publications and 33 scenarios 
available between January and May 2016 suggest that the pattern is continuing, and it is likely 
that an even greater number of articles will be published in this area in 2016 than in any 
previous year.  
 
Figure 4: Number of Search Results per Year 
To provide some context to the publication analysis, in Figure 4 we include some key dates in 
the development of 3DP (from Cotteleer and Deloitte Services LLP (2014)), and, based on 
Wohlers and Caffrey (2015), revenue for 3DP products and services worldwide. It is notable 
that the rapid growth in publications from 2009 onwards corresponds with two important events 
in 3DP development. The first is the successful culmination of the ‘RepRap’ project (Jones et 
al., 2011) to develop an ‘open source’ 3D printer, and the second is the expiry of Crump’s 
(Crump, 1992) patent on the ‘Fused Deposition Modelling’ (FDM) process, on which the 
RepRap is based. Between them, these events have provided a technological base on which 
many inexpensive ‘desktop’ 3D printers have been developed. Based mainly around FDM 
technology, entry-level printers cost from $200 (All3DP, 2016), and although currently the 
quality and reliability of these machines is far lower than professional equipment, 
manufacturing at home may be on the horizon (Birtchnell and Urry, 2013). As the technologies 
become increasingly widespread (evidenced by the market revenue data), more research is 
expected (evidenced by the number of publications), and new opportunities are likely to be 
posed in the literature (in the form of potential scenarios), suggesting an exciting future for 
3DP research. Interestingly, these market developments have not led to significant changes 
over time in the concepts contained within the published scenarios. 
Table 4 shows the range of publications in which the scenarios are contained. This shows a 
wide diversity of outlets, including both practitioner (such as Industry Week and Metal Powder 
Report) and academic publications. In the academic realm, there is a strong influence from the 
engineering discipline. However, there is also evidence of publications in particularly the 
logistics/supply chain and innovation areas, showing how the consideration of 3DP is moving 
from technological developments to applications. 
Table 4: Publications containing 3DP scenarios in literature review 
Publication Type of Publication No. of scenarios 
Procedia CIRP Conference papers 7 
Rapid Prototyping Journal Academic journal 6 
Acta Astronautica Academic Journal 4 
CIRP Annals - Manufacturing Technology Academic journal 4 
Journal of Manufacturing Systems Academic journal 4 
Technological Forecasting and Social Change Academic journal 4 
Computer-Aided Design Academic journal 3 
Futures Academic journal 3 
Robotics and Computer-Integrated Manufacturing Academic journal 3 
Computers in Industry Academic journal 2 
IFAC Proceedings Volumes Conference papers 2 
Industry Week Trade publication 2 
Journal of Cleaner Production Academic journal 2 
Journal of Humanitarian Logistics and Supply Chain 
Management Academic journal 2 
Machine Design Trade publication 2 
Mechanical Engineering Trade publication 2 
Metal Powder Report Trade publication 2 
Supply Chain Management: An International Journal Academic journal 2 
The Engineer Trade publication 2 
Urology Academic journal 2 
Note: 67 other publication titles were identified, each containing one scenario 
Although Bishop et al. (2007) state that the GBN/Royal Dutch Shell method is the most 
commonly used when producing future scenarios, in 164 (81.6%) of the scenarios it appears 
that a “Genius” approach to scenario development was adopted, relying on the judgment of the 
author(s) to develop the scenarios. In practice this effectively means that the author adopts the 
role of an ‘expert’, and makes their predictions for the future. In most cases, however, little 
detail was given of the method used. There were occasions, however, where more structured 
techniques, such as literature-based studies (e.g. Eyers and Potter (2015)), case studies (e.g. 
Noriega et al. (2010), Holmstrom and Partanen (2014)) and 2-axis methods (e.g. Birtchnell and 
Urry (2013)) were adopted. 
Evaluation of the effects of the scenarios were only undertaken in 17% of those reviewed. A 
variety of different approaches were used, including supply chain simulations of systems to 
compare the use of 3DP against traditional manufacturing techniques (e.g. Chiu and Lin (2016), 
Jia et al. (2016), Liu et al. (2014)), analysis of environmental factors such as material and 
energy use (e.g. Senyana and Cormier (2014), Chiu and Lin (2016)) and more qualitative 
approaches (e.g. Gebbe et al. (2015)). It would appear, therefore, that there is a need for further 
in-depth analysis of these proposals in order to determine which are feasibly, both in the long 
and short term. 
The timescales for the implementation of these scenarios is rarely discussed in the literature, 
with a target year for their implementation only specified in 13 of the 201 scenarios. For those 
that did specify timescales, two scenarios were proposals for the date of publication, or the very 
near future, three proposals for 2024 to 2025, six for 2030, and one each for 2033 and 2038. 
Examining the publication dates of these papers, this shows a forecasting range of 15-17 years 
ahead of publication, with one exception of 19 years and one of 25 years. 
Mapping the 3DP Scenario Landscape 
In considering the nature of 3DP supply chains suggested in the scenarios, we now consider 
the OPP, the distribution, and the type of manufacturing operation, as explained earlier. This 
enables an understanding of the existing landscape and therefore informs the identification of 
“white space” in future 3DP supply chain scenarios.   
Table 5 shows, for the criteria identified earlier, the number of scenarios coded against each 
value. 
  
Table 5: Results of Literature Coding 
Order Penetration Point Production Distribution Manufacturing Type 
Options No. of Scenarios Options 
No. of 
Scenarios Options 
No. of 
Scenarios 
Engineer to Order 95 (47.3%) Personal 28 (13.9%) Craft 43 (21.4%) 
Buy to Order 19 (9.5%) Local 77 (38.3%) Job-Shop 118 (58.7%) 
Make to Order 69 (34.3%) Regional 12 (6.0%) Factory 25 (12.4%) 
Assemble to Order 7 (3.5%) National 43 (21.4%) Unknown 15 (7.5%) 
Make to Stock 6 (3.0%) Mobile 11 (5.5%)   
Ship to Stock 0 (0.0%) Unknown 30 (14.9%)   
Unknown 5 (2.5 %)     
 
Examining the location of the OPP,   
Table 5 shows a strong tendency towards customized, on-demand production in the scenarios 
analysed, with an ETO approach proposed in almost half of the scenarios, and MTO accounting 
for another third. Examples range from customized (ETO) medical implants produced on-site 
at a hospital (Srougi et al., 2016), to spare parts made to order (Ford and Despeisse, 2016). This 
is unsurprising, as it makes use of the inherent strengths of 3DP systems, such as low set-up 
costs allowing production to take place on-demand, and in low volumes (Schubert et al., 2014, 
Merrill, 2014). Production based around manufacturing approaches of this nature suggests a 
high level of customer involvement, with the OPP early in the design and manufacture process 
providing opportunities for the customer to become involved in the product’s development. 
However, there are also some scenarios which suggest that 3DP can apply to a more 
standardised production environment (using ATO or MTS principles) – for example, using 
3DP within a Mass Customization process (Ferguson et al., 2014), or to produce aircraft 
components for stock (Silva and Rezende, 2013). No scenarios considered a ship-to-stock 
situation despite, as will be discussed shortly, mobile production being an opportunity for 3D 
printing.  
With regards to the type of manufacturing operation, there is a clear interest in job shop 
operations for 3DP, whilst factory production is the least commonly proposed. This is 
consistent with the findings of Rogers et al. (2016) in their review of existing European 
providers of 3DP services. There is a suggestion, therefore that 3DP will lead to smaller, and 
possibly more specialised operations than are seen to date, again making use of 3DP’s ability 
to produce low volume, on-demand products cost-effectively (such as Silva and Rezende 
(2013), Holmstrom and Partanen (2014)). The results could also suggest a shift away from 
mass production operations and towards more customizable products. It is also interesting to 
note that only 23% of proposed scenarios are based around craft manufacturing operations, 
despite ongoing media hype that personal printing at home is likely to become common in the 
near future (e.g. Taylor (2012), The Economist (2011)). Scenarios built around craft scenarios 
are largely unspecific around products, focussing more on the application, however there are 
some specific cases including, for example, personalized medical devices (Würtz et al., 2015, 
Pasluosta et al., 2015) and consumer goods and electronics (Easton, 2009). 
Finally,   
Table 5 shows that local manufacturing is clearly the most commonly discussed option, 
representing 38% of the proposals. This again complements the finding that the majority of 
scenarios are built around job-shop operations, suggesting scenarios are often building on 
existing models of practice (as illustrated in Rogers et al. (2016)) rather than identifying new 
opportunities in the “white space”. In some cases this is taken as far as manufacturing at the 
point of use, such as creating pills at a pharmacy (Park, 2015), or manufacturing customized 
consumer goods directly in shops on the high street (Birtchnell and Urry, 2013). Manufacturing 
on a national scale is represented in 21% of the proposals, possibly because low demand 
volumes coupled with the niche nature of the technology (Anonymous, 2006) requires 
centralized facilities are envisaged. Again, despite media hype, personal production is only 
represented in 14% of scenarios. This is less than the number of craft scenarios as the latter 
also includes the use of 3DP in small offices and workspaces. An interesting finding is the 
appearance of mobile manufacturing. Although there has been some research in this area with 
large, specialized “factory-in-a-box” applications (Stillstrom and Jackson, 2007), the general-
purpose nature of 3DP machines (Garrett, 2014) could possibly allow a much wider 
application. 
Identifying the “white space” of 3DP Supply Chain Scenarios 
In order to identify the “white space” of 3DP supply chain scenarios, we now consider the 
combinations of coding variables, to build a more complete picture of the scenarios which are 
being proposed. There are 90 possible combinations of factors for scenario creation, but only 
27 of these possible combinations were found in the literature, as shown in Table 6 and Figure 
5. 
Table 6: Combinations of Scenarios Discovered in Literature  
Order Penetration 
Point 
Distribution of 
Manufacturing 
Manufacturing 
Type 
Number of 
Occurrences 
Engineer to Order Personal Craft 16 
Engineer to Order Local Craft 9 
Engineer to Order Local Job Shop 24 
Engineer to Order Local Factory 1 
Engineer to Order Regional Job Shop 10 
Engineer to Order Regional Factory 1 
Engineer to Order National Job Shop 13 
Engineer to Order National Factory 4 
Engineer to Order Mobile Job Shop 2 
Buy to Order Personal Craft 3 
Buy to Order Local Craft 2 
Buy to Order Local Job Shop 5 
Buy to Order Regional Job Shop 1 
Buy to Order National Job Shop 1 
Buy to Order National Factory 2 
Make to Order Personal Craft 8 
Make to Order Local Craft 3 
Make to Order Local Job Shop 25 
Make to Order Local Factory 2 
Make to Order Regional Job Shop 1 
Make to Order National Job Shop 9 
Make to Order National Factory 4 
Make to Order Mobile Job Shop 9 
Assemble to Order Local Job Shop 2 
Assemble to Order National Factory 3 
Make to Stock Local Job Shop 1 
Make to Stock National Factory 3 
 
 Figure 5: Coded findings of literature review (circle size directly proportional to the quantity 
of scenarios for each case) 
Examining Figure 5 shows that there are clear clusters where research effort has been focussed 
in the past. Job shops offering customised production (ETO, BTO, MTO) are particularly 
popular and, while predominantly local in focus, there is some evidence of scenarios 
considering a more regional (Sasson and Johnson, 2016) or national (Cautela et al., 2014) 
focus. As noted earlier, such a focus overcomes issues around low demand volumes and/or 
specialist technical knowledge. Craft based production scenarios particularly emphasise the 
presence of 3DP machines in the home (e.g. Birtchnell and Urry (2013)) or locally, for example 
in libraries (Prince, 2014), with designs downloaded, modified (Birtchnell and Urry, 2013), or 
engineered by the user (Montelisciani et al., 2014) to suit a particular application before 
printing. Those more future-looking scenarios, such as Potstada and Zybura (2014) who have 
developed scenarios for 2033, suggest a virtual ‘shop’ environment where designs can be 
purchased and tailored extensively before printing at home. Much of the factory based research 
has been positioned at the national scale (e.g. Stuart and Excell (2010), Achillas et al. (2015)), 
reflecting the need for economies of scale or scope and covering the full spectrum of OPP 
scenarios. 
Figure 5 also shows that there are significant areas where few/no scenarios have been 
developed to date, representing the “white space” that this paper seeks to identify. “White 
spaces” cover all aspects of one coding element (OPP, Operation Type or Distribution), plus at 
least two aspects of a second element. Further, existing published scenarios within the “white 
space” are few (on average, less than one scenario per combination of elements). By identifying 
these, it is possible to consider a range of future research opportunities, although some “white 
spaces” are unlikely to be feasible when applied given the combination of variables considered. 
A pictorial overview of the “white space” is shown in Figure 6. Each of the “white spaces” is 
now elaborated upon, accompanied by potential implications for logistics and operations 
management. However, it is not the intention to develop fully formed scenarios, but propose 
future research directions.  
 
Figure 6: The “white space” of 3D printing supply chain scenarios 
Mobile Production 
Mobile manufacturing allows the production system to be located close to demand as it is 
needed, and relocated to other locations as appropriate. By extension, it is feasible that the 
production system can be operational whilst in transit, allowing products to be made whilst the 
traditional delivery process is occurring. This is uncommon for conventional manufacturing, 
however Amazon have recently filed a patent for a system which performs 3DP in transit 
(Apsley et al., 2015). 
Of the limited existing literature that considers Mobile Production, the focus has concerned 
spare part production and use in the construction industry (in both terrestrial and extra-
terrestrial applications). In all the cases reviewed, a job shop type operation has been specified, 
suggesting low volume production, but specialised equipment and processes. Spare parts 
production is often cited in harsh environments, such as battlefields (Hargreaves, 2009) or in 
space, and by its nature acts as an on-demand production system. Aside from McGinley (2015), 
which discusses a different design philosophy for buildings which uses the design freedoms 
associated with 3DP production, the use of 3DP in construction is concerned with extra-
terrestrial structures, which are highly specialized but will be required in low volumes (Rousek 
et al., 2012, Cesaretti et al., 2014, Kading and Straub, 2015, Menezes et al., 2015, Montes et 
al., 2015).  
A wider adoption of mobile 3DP has the potential to offer several important advantages in 
terms of lead-time reduction and manufacturing capacity flexibility compared to other 
scenarios. By moving production geographically close to demand, transport time that is 
normally considered a waste either becomes value-adding, or is eliminated entirely (Mason and 
Lalwani, 2006). Applications could range from a single machine within a van through to a 
container fitted out with multiple AM machines. Given that the role of third party logistics 
providers has evolved to enable increased value adding services to be offered (Günter Prockl 
et al., 2012), being able to provide mobile manufacturing options during the course of deliveries 
(such as for urgent requests) could be an additional value adding service. While 3PLs such as 
Panalpina and UPS are currently developing AM services (Amling, 2016, Todd, 2016), these 
are based upon fixed machines. 
Capacity flexibility in manufacturing is normally difficult to achieve (Eyers, 2015), but Mobile 
3DP may offer important opportunities to enable it. For Factory implementations, the 
expensive nature of 3DP equipment typically requires firms to ensure high utilization rates in 
order to be cost-effective (Ruffo and Hague, 2007), and so firms normally avoid excess 
capacity. By using mobile facilities, addition 3DP equipment can be added or removed to the 
production system, enabling the achievement of capacity flexibility for the firm. Alternatively, 
factory mobile 3DP could provide emergency cover for machine failures. For craft 
implementations, this ability to increase capacity though Mobile 3DP might even serve to 
undermine some of the ‘print at home’ scenarios, by eliminating the need for the customer to 
own a fixed resource. Just as domestic customers today may hire expensive capital equipment 
items for short periods (e.g. professional carpet cleaning machines), Mobile 3DP allows 
customers to increase their ability (from zero to whatever is required), without the need for 
long-term commitment. This is particularly sensible for home environments, where ownership 
of high-cost 3DP equipment with low utilization is likely to be financially unviable.  
In terms of future research, there are several aspects related to this scenario that need further 
investigation. From an engineering perspective, the current AM machine technology is based 
upon the equipment being static during production. However, mobile AM production could 
require objects to be produced while the machine is on the move. Therefore, developing 
equipment to enable this to occur is necessary. Potential business models are another area of 
further research, to identify approaches that will prove to be successful in the marketplace, be 
that based around leasing the equipment or a ‘pay as you go’ model. Consideration should also 
be given as to whether ship-to-stock configurations could be enabled more effectively through 
3D printing technology. 
3DP for Make-To-Stock (MTS)  
3DP for MTS involves producing parts (or products) without a firm customer order. By 
definition this makes such parts ‘standardized’ rather than ‘customized’, since there is no 
engagement from the customer within the manufacturing process. The work of Olhager (2003), 
and later Gosling et al. (2007), positions the OPP after the final assembly of the product in an 
MTS scenario, allowing no space in the supply chain for customizations by the customer. 
In many situations 3DP for MTS runs contrary to many of the fundamental advantages often 
perceived for these technologies, and particularly those around customisation (e.g. Gao et al. 
(2015)) and lead time reduction (Hopkinson et al., 2006). With these advantages lost it is 
reasonable to question whether 3DP for MTS is a valid scenario, however several studies have 
highlighted practical opportunities that may be exploited. Olhager (2003) does, however, state 
that MTS might be more appropriate than MTO when production times are long; as with 
conventional production technologies, by having products ready to ship MTS can be employed 
to reduce lead-times for customers. Whilst 3DP is often identified as being a fast production 
technology, in practice machine cycle times mean that multi-day lead times are commonplace, 
and so in competitive markets MTS may be a necessary requirement. As with conventional 
manufacturing technologies, if demand is predictable, products are standardized, and practical 
challenges of stock holding can be overcome, MTS 3DP is certainly a viable proposition. To 
some extent, in this case 3DP just becomes another manufacturing technology, replacing what 
is currently used. In doing so, there would appear to be particular advantages compared to tool 
based technologies, with 3DP potentially saving on changeover time. 
MTS can also be employed to reduce overall production costs experienced in a factory 
performing MTO. By utilizing excess production capacity (either spare space in a build 
chamber or unutilized machine resources), firms can produce stock items alongside ETO/MTO 
products (Eyers, 2015). Since 3DP equipment is expensive and machine depreciation 
represents a substantial overall cost of production (Ruffo and Hague, 2007), such practices can 
yield competitive benefits for operations. 
There are multiple future research opportunities for scenarios in this “white space”, again both 
engineering and managerial. In the case of the former, the continued development of the 
technology should enable reductions in operating costs and improvements in the speed of 
production. From a managerial perspective, there is a need for a more comprehensive 
understanding of the costs of 3DP and their comparison to other technologies. While some 
articles (such as Chiu and Lin (2016), Jia et al. (2016)) do provide this, there are still many 
assumptions and unknowns that can be researched further. By understanding these costs, the 
viability of MTS production scenarios can be fully grasped. 
Local and Regional Factories 
The existing scenarios involving factory scale use of AM equipment are focused upon facilities 
that provide a national level of coverage, such as Sasson and Johnson (2016) who highlight the 
use of a single facility as a manufactures sole source for production of high value aircraft 
components. The rationale behind this is the need to generate enough volume to be able to 
justify the investment in AM machines and generate a worthwhile economic return.  
However, there are opportunities for factory based production to have a more local and regional 
perspective as well. There will be locations, such as large urban areas, where demand is 
sufficient to justify investment in dedicated AM facilities. Determining the viability of such a 
facility is likely to be inherent upon the trade-offs between inventory and transport costs in the 
supply chain, in much the same way as for the introduction of regional distribution centres into 
retail distribution during the 1980s (Fernie et al., 2010). Where a product has a high transport 
cost (relative to its value), then more localised production may make more sense. An alternative 
may be to take a ‘contract manufacturing’ role within supply chains, whereby the AM facility 
provides outsourced capacity close to key markets and is used by a range of different customers, 
thereby aggregating demand and creating the economies needed for viability. 
Future research in this area can build on the centralised/decentralised and redistributed 
manufacturing literature, providing additional scenarios for evaluation based around both the 
operational costs and also the degree of customisation of products. A fuller understanding of 
overall supply chain costs, from the supply of raw materials through to the delivery to the 
customer is needed, as much research currently focuses on the downstream supply chain from 
production. 
Craft Businesses 
At the other end of the manufacturing scale when compared to factories, are Craft Businesses. 
Unlike the other “white spaces”, this region does to some extent already exist. In effect this 
business model is an extension of the artisan manufacturing approach that predates modern 
manufacturing methods (Bunnell, 2004). Craft Businesses produce items at home for sale to a 
wider market. In doing so, they are often exploiting their own creative skills in developing 
products for wider sale. As a form of self-employment, they have few fixed assets and their 
profits are for household consumption (Haan, 2002). 
However, technological changes have meant that there are increased sales opportunities for 
these businesses (Cheng et al., 2014). The products may be sold locally through, for example, 
craft fairs or can be sold to a wider audience (regionally or nationally) either directly through 
the Internet or via a marketplace such as Etsy or eBay. Regardless of the distribution channel, 
the item would be 3D printed and, where sold remotely, then dispatched with a parcel carrier 
to the customer. In this context, it is not the 3D printing that enables the regional and national 
sales, but the wider ‘system’ within which it is positioned. 
Craft Businesses present a range of future research opportunities. From a managerial 
perspective, identifying different business models and the range of products and services 
offered would show how such operations complement the more ‘industrial’ players in the 
market (Rogers et al., 2016), and where the boundary is with job shop operations. There is also 
a policy aspect to future research, by defining the value created for local economies by such 
businesses. As Aldrick (2016) notes, the calculation of Gross Domestic Product (GDP) does 
not fully capture changes to value creation due to technology. Such work is often known as the 
“hidden economy” (Williams, 2004). Policy oriented research in this area will give a better 
indication of the value of craft based manufacturing to the economy. 
Personal Manufacturing 
Personal Manufacturing forms another group of potential scenarios, where both production and 
consumption would take place within the user’s home. However, the scale of production is 
significantly larger than just a domestic printer, suggesting that home manufacturing requires 
a job-shop or factory production facility in each home and potentially storage for work in 
progress (with an ATO approach) or finished goods (with a MTO strategy). The physical 
constraints of housing this amount of equipment within a domestic environment, and the 
technical constrains of operating such equipment require careful consideration as to their 
feasibility.  
With no existing scenarios, it is debateable whether a domestic setting could produce sufficient 
demand for such a production method to become feasible, and comparisons to existing 
production and distribution methods are required to prove whether this is more cost effective 
for such items. However, if the user was looking to constantly maximise the use of the build 
chamber during each production run, or to produce some “consumable” items that could be 
produced in this manner there may be situation where this occurs. It is also yet to be determined 
whether such use of 3DP machines is an efficient use of the technology. 
These “white spaces” are summarized in Table 7, along with the suggestions for future research 
directions. There are also wider supply chain management issues that are pertinent across all 
of the areas of “white space”. In many cases, there are significant changes to the nature of 
manufacturing systems, and the wider environmental implications of this need consideration, 
although any evaluation is likely to be contingent on the specific nature of future scenarios. 
There are also issues around whether to insource or outsource 3DP capabilities, particularly in 
more decentralised or redistributed situations where capital expenditure may be greater. 
Aligned with this, relationships with suppliers in outsourced situations need careful 
consideration, reflecting power/dependency factors as well as issues of product quality. 
Table 7: Summary of “white space” findings 
White Space Future Research Questions 
Mobile 3DP 
• Can 3DP equipment produce items in transit? • What business models/propositions exist for mobile capacity? • How can 3PLs exploit this opportunity? • Would 3DP support ship-to-stock configurations? 
3DP for MTS 
• How can 3DP processes be made quicker and cheaper? • Can 3DP offer comparable costs to existing manufacturing 
technology? • How can production scheduling exploit MTS and MTO capabilities of 
3DP? 
Local and 
Regional 
Factories 
• In which situations are decentralised or redistributed supply chains 
exploiting 3DP appropriate? • Can 3DP offer comparable supply chain costs to existing 
manufacturing technology? • What trade-offs exist between transport and inventory? 
Craft Businesses 
• What business models exist for craft operations? • How applicable are existing SCM theories to these operations? • Is 3DP the most important aspect of the supply chain system in 
enabling these scenarios? • What is the GDP value of the 3DP enabled hidden economy? 
Personal 
Manufacturing 
• Does a household create sufficient demand for this to be a viable 
methodology? • Will technology develop to allow reliable manufacturing at home? • Is this an efficient use of a home 3DP system? • Is it feasible to run a manufacturing operation on this scale? 
 
Conclusion 
The motivation for this paper arose from the recognition that, while many future scenarios 
proposed for 3DP have been proposed by both academics and practitioners, little explicit focus 
had been given to supply chains. It was recognized that potential scenarios were scattered 
within literature crossing many disciplines, yet often appeared to have commonalities between 
them. Equally, it was identified that there were potential scenarios that had not been considered 
within the literature. Therefore, the aim of the paper was to identify the “white space” of 
existing 3DP supply chain scenarios and consider the feasibility of 3DP being able to fill this 
gap. 
To address this aim, a structured literature review has been carried out across six databases and 
covering a range of different publications. In total, 201 distinct scenarios were identified 
through this search, and these were coded against criteria to examine the order penetration 
point, distribution of manufacturing and scale of operations. From this coding, it was clear that 
many scenarios considered 3DP to be used in supply chains driven by customer demand (make 
to order, buy to order, engineer to order) and in a job shop production environment. 
Interestingly, the geography of applications was more spread, perhaps reflecting the ease with 
which 3DP products can be distributed. 
From this assessment, five areas of “white space” within existing scenarios were identified Of 
these, four were considered feasible and offer valuable opportunities for extending existing 
research. For Make to Stock and National and Regional Factories, the existing technology 
could be used to facilitate their operationalisation, although questions exist around the 
economics of such approaches. By contrast, Mobile Production is likely to require some further 
technological development as well as research into viable business models. Craft Businesses 
to some extent already exist but are part of the hidden economy. In this case, research focused 
on such organisations can provide valuable insights to complement the current focus on more 
industrial applications. The remaining “white space” suggests manufacturing at scale in the 
home. As this is significantly different from current manufacturing practices a great deal of 
future investigation into its feasibility would be required. 
This work contributes to the existing literature on 3DP supply chains by consolidating the 
diverse body of scenarios and reflecting upon their alignment to existing supply chain theory. 
In doing so, we have developed a research agenda identifying areas where current thinking on 
3DP has not ventured in so much detail, such as mobile factories, personal manufacturing and 
craft businesses. In doing so, the paper provides directions for future research, particularly in 
these under-researched areas, although there remains a need for further development in the 
more established scenario options. This work has considered just three dimensions of supply 
chain structure against which to compare the scenarios, and considering other strategically 
important aspects of 3DP supply chain scenarios, such as flexibility, constitute other areas of 
future research. 
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